


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1950 


Aerodynamic characteristics of a wedge and 
cone at hypersonic mach numbers. 


Scherer, Lee R. 


California Institute of Technology 


http://hdl.handle.net/10945/13894 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


| ከከ 0 U DLEY research materials and institutional publications created by the NPS community. 
ሀ Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


1 KNOX appointed — and published — scholarly author. 

| | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


- .. С 
| == GALCIT REPORT NO. 
` 7 
ACS 





GUGGENHEIM AERONAUTICAL LABORATORY 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


AERODYNAMIC CHARACTERISTICS OF A WEDGE AND CONE 





AT HYPERSONIC MACH NUMBERS 


We‏ - سا 








لل که سا 


Thesis by 
Lt, Lee R. Scherer, U.S.N, 


1950 





tal 


EES 
SS» 


PASADENA, CALIFORNIA 





FORM AL-5 6M 2.49 


J 








AERODYNAMIC CTAFACTFRISTICS OF A TEDGF AND CONS 


AT HYPUHSOUIC MACH WUMDURS 


Thesis by 


It. lee EK. Scherer, لوکلا و کال‎ 


in Partial Fulfillment of tho Requirements 
Por the Degree of 


Aeronautical Engineer 


California Instituto of Technology 
Pesedena, California 


1950 


ኒጅ: ደኑ. 





ልር፪፻787:217:ሀሀዕ5ር.፳፻2 


the author wishos to express his sinecre epzmreciation to 
bs. Henry T. Nagamatsu for his formuletion o? the provler and for 
his inte: cst and Guidance throughout the investigation. 

¿ipprociation is also expressed to Ze, Xetherine XoColgen, 
heronautics librerion, whose petignoe and &id in ferreting out 
ovusciure references asSisted mteriall; in obtaining the necessary 
literctiwe for this investigntion, and to Miss Shirley ‘cod>ur: 
for her assistance in preperetion of the menusorips. 

Tia author is also indebted to his asscciate in the proolem 


Li. Wieinrd D. Delnuer, (DR, 








Up to the present timo, the reliability of ihe doeteralo tion 
of aerodymamic olmracteristics at hypersonic Mach numers by theore= 
tical calculations hes been umimown due to the leck of experinental 
data. This report is the ctleulations of these characteristics by 
four different theories of a wedge and e cone over a rango ol Mel 
numbers from 2 to lz. 

Correletion of these results with wind tumel tests wee not 
possible due to scheduling, difficulties of the hypersonic wind tumel; 
therefore, tiie report is designed to servo es the basis for cococrison 
of future hypersonic experiments. 

From correlation of the various theories it is found that the 
closest agreenent to the exeot theory at hypersonic speeds is given 
by the hypersonic similarity theory, Above Mech mmbers of about 3, 
the first and second order theorios deviate considerably fran the 


exact theory. 
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3 4 A y D WOTA Ti OR 


The following sre the aymvels end notation with their definitions 


used in this investigation. 


Py 


u, v 


static pressure of the flow. Theo subsoripts denoto flow 
field 
l =- froe stren 


2 


flow behind shock or on body 


o = stagnation conditions 
в =» flow on surface of body 
pressure coefficient = AP/a 
free stream dynanic pressure ~ د لام لل‎ zp M 
free stroom velocity 
speed of sound a, © ES ° Subscript indicates sane 
conditions as pressize p 
fluid density. Subecrinpts seme as for p 
Mach number *- = Subseripts seme as p 
inolimation of shock wave, or the quantity E T 
ratio of epecific heats — 1.4 for oir 
cylindrical or spherical coordinates 
Cartesian coordimtes. Subsoripts denote orthocoml direc- 
tions of axis 


velocity comonmts 





وژ 


ix 
52090772 A' "OT T OX !continued) 


irdiceto gu ን St where i, k ere coordimtes of 
systen bein; used 

semieapex angle of cone or wedge, and flow deflection in 
one particular case 

potential notation 

engle of attack 

non-dinmensioml coordimtes, or variebles of intesration 
body tilelmesa, ar total inex angle 

body length 

thickness ratio peremeter ( ኔ ጆ 





I. INTRONICTIÓN 


The purpose of thie investigation wos to ealeulate the aerodynonie 
characteristics of & wedge end e cone et hypersonic Mach numbers by 
utilizing the existing theories, and to correlate these results with 
actual test data. 

The possibility of extending existing supersonic flow theorios to 
hypersonic speeds ms been investigated only theoretically up to this 
time, due to the lack of experimental dato eat hynorsonic Mach numbers. 
How the existence of o hypersonío wind tumel mkes such test data 
available, and this investigation is the first step in the correlation 
ef auch data with ግም የ theories. Sinco there are so many 
ramifications to tho proble», boundary layer, tunnel boundary interfer- 
ence, deviations fram a perfect pas, eto., this is but one small 0 
of the vast over-all problem, and it is hoped that it will serve as e 
basis for future experinental work. 

The prinoipel ecrodynenic cheracteristic obtained mcs the surface 
pressure on various angles for wedzes and cones at Mech numbers renging 
froa 2 to 12. The four existing theories uood in the determination of 
the theereticnal pressure distribution were: 

1. Oblique Shock Theory for Wodco; Tact Theery for Cono 
Ze First Order Theory هه‎ 66 


oe Second Order Theory 








4. Hypersonic Similarity. 
A brief discussion of the above theories 36 given in Part Il. 
For the theoretical calculations, the configurations used wores 
l. Wedge with apex angles of 5°, 10%, 20%, 30%, 40%, 50° 
and 60° at anglee of attack of 0°, 2°, and 4°. 
2. Cone with apex angles of 5°, 10°, 20° so? 409, so? 
and 00° at angle of attack of 0°. 

Due to lack of time, actual correlation with test date wes not 
possible in this report. Models of a 20° wedce and come were con- 
structed, end their details are included herewith. 

It is planned tiat this report should servo as the first peso, 
the basio groundwork, for the future experimental invostigetions of 
hypersonio flow. 





II. CALCULATIONS BY TUE VARIOUS ۵ 


A. Oblique Shook Weve Theory for Todre 
The pressuro coefficient (с; ig defined as the ratio of the chance 
in pressure (AP) to the dynemic preseure (q). 


= £ 


but 
Gë ën 
since 
TE =P 
Therefore, 


Co = AL = c ዴይ -ራ- 
ር F déi R 


The normal shock relation for (m = ec? 18 ፦ 1 Ch -1). 


To obtain tho correct oblique shock relation, it is only necessary to 





replace Hi, by M, sin p, (Ref. 1). Thus, 
应 -Ar = EN (A INS A 
e уе/ ERW 


AA HE‏ 2 د 
ale ее» |‏ 








Where the relation between the weve an-le $ and the flow defection 
is 


/ = مس دي‎ d-/ S Sr O 
m? > ቴቱ as (8-6) 


Utilising this formula Tables I to III were computed and plotted in 
Figs. 5 to 7. 
B. Exact Theory for Cone 

The problem of supersonic flows around cones et zero angle of 
attack is one of the two types of hich speed flows in three-dimensions 
that can be discussed mathematically without ocdjectiomble simplifica- 
tion. 

The fundemental equation of conical flow an derived by Sebert in 


Ref. 2 and in a similar mmer by Kopel, (Ref. 5), ie 


Y So “uU = ی‎ “(au بو یسح‎ aoj 





RK \ بو‎ 
ES : m حم‎ 
C 0 


— A Cave ars 








The solutions to this equation cannot be obtained analytically, so in 
order to determine then, recourse must be had to numerical intergration. 
This has been carried out by Kopal and put in tabuler form. He tabulates 
the ratio of the pressure on the cone to tint immediately behind the 
shock wave p./p,, and the ratio of the pressure immediately behind the 
shock wave, to that of the undisturbed air in front of the shock wave, 
وه‎ 1٠ The product of these two rives pe/D БО ዬ can be calculated, by 


Following this procedure the data of Table IV were celeulated and plotted 
in Pig. 8. 
C, First Order Theory - Wedce 

By assuming irrotatioml flow and lineerizing the equations of 
motion, 6 perturbation potential my be introduced. Considering a 
uiform rectilinear velocity U at OO , it is assumed that the deviations 
of the velocity fraa U are smll, end squeres and higher powers of these 
perturbation velocities are noglected. Trie assumption corresponds to 
limiting the solid boundarios to shapes whose inolimation to U is 4 


small. 





The linearized equation of motion becomes, (Ref. 4) 





—— = 21 du, ።፦ ge. + uu, = Y 
A, 94r 94s 
where 
(ewey fron body J (neighbor hood of body J 
uj ^ U — constaat ч] "H" gi 
ملا 0 = ملا‎ = Se 
: -- 0 "s = Ug" 


In terms of the potential function 
d = Zx, t P(T) 


a = ID << @ 
IA, 
whero @/4:/ is the perturbation potential. The lineorised portur- 


bation potential equation becomes 





(* - «42 Je ሥ ሠጋ لے ب‎ =O 


o 4,4 Ar “ፈያ 


The same approximetiams are used for determining the pressure cocf= 


ficient. The exzot relationship for p/p, is 


፡-ፍ<“/” 
— 





Lineeriged, this is 











Pr = / 
2 "«d-/m*2mm' 
z l g 
Exparding, we م06‎ 
A = 1 dE ap? Za + 
Æ e Y 
5۹ 6 
“# “ጋ 
2 47g 
thus, 


— 


By solvin; the pertwebation oqguntion tosother with the boundary 
conditions thet the norml derivativo غه‎ 中 vanishes ct cll solid 


boundaries, the preseire coefficient equation 98 


Co 2 ዜቪ. "2 / 
ነጫ مه د‎ 2۶ 
dta 


m uta dary in neroly tho tangent of the semi=.poz 
e L 


anglo @ , or 

















For the wedge at angles of attack, this same equation holds by merely 
subtracting or adding a to Ө for the upper or lower surfaces. 

These calculations are given in Tables V, VI, and VIII and are 
plotted in Pigs. 9, 10, and 11. 
D. First Order Thoory e Cone 

Following von Karman, (Ref. 8), the linearised potential equation 
in oylindrical coordinates with axial symetry is 


A (1-U_LL =0‏ #4 و 
drt ~ or е әт"‏ 
Aseuwnin; that the effeots of infinitesmls can be supor imposed, the‏ 


potential of the additional velocities mea the form 


/DC 一 
e: AS DE 
o / #-- ደ/*-- ያ፦* 


where 


رم — Lef‏ = ګر 
Placing the origin at the vertex of the body, this integral oan be‏ 


transformed by letting 


A CQ « 


Ir 





The potential expression becomes 


@ = 4 (4-80) Cosh «Se 


ss A 
‚Ir 
and the velocity canponents are 
ID JSD 
dX E J^ 


By solving the above equation von Kerman obteined for the over 


pressure acting on the cone 


Ap ص‎ caw ls) 
a E^ 


which ís approximately 


Ch a Zei ይን 4 . 
7 IT 


The ealoulated resulte of this equation is given in Table VIII 


and plotted in Fig. 12. 




















Second Order Theo 





The next step to the linearigation procedure used in the previous 
section in an iteration procedure carres ponding to the general teohni- 
que of solution by successive approximations based on the theory of 
perturbations, is the second approximation whioh r&y bo made by several 
different approaches. By introducing a parameter proportional to 
the thickness ratio of the body under consideration, the potential 
function may be expanded in a power serios in C. This has been 
carried out by Busemann, (Ref. C), for a twoedimensioml supersonic 
flow. 


The Busemrm second approximtion for the preasure coefficient is 


Bu ፡. ይ. ታ#”«ሪፖ-ሪ/ * 
Mt 7 2 (14 - رر‎ 
io the anglo of flow defection, tho semi-apex ancle at sero angle 


of attack. The computations based on this equation are given in Tables 


IX, X,and XI and ere plotted in Pigs. 13, 14, and 15. 


` F. Second Order Theory = Cone 


For axially~symnetric flow, the discovery of a particular solution 
of the iteration equation ms reduced the problem of determining a 


second-order approximtion to one of first-order. 
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Following Van Dyke, (Ref. 7), the iteration equation for e oono 


(16%) ጁ. “ይ » m [za tes Boe 
-2t fu + E, هر ګرم‎ 47 


where (x, t) are the conical nom-orthormal coordinates and 


ናም re Ww (re at? 


کے 
#ሬረ#/ = ተ#ሯ#ሠ #„ = Abe‏ 
ё„=@-:@, ዴ.- = E Pee‏ 
Par =E fee Dur = SE Hee‏ 


ቃ is firet order perturbation potential 
۷ 
8 T g st Gi is second order perturbation potential 


The boundary conditions for the socond order solution are 


€. 
/ + Ø 


Ne te pel 
ge = De) = 0 





= glope 
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The cono tas a 61۲۶5۵ 6 tenie , Wing the integrating factor 


— , the equation ean be integrated to give the result 





L =-A (Sad t- /-ረዣ 


2 
where A = € 


7 sie re "eos رب‎ 


Substituting the first order solution into the iteration equation 
and using the sane integrating fector again, Van Dyke obtains for the 


canplete conical second-order perturbation potential 
(2) -2 
Bi) = -Q (Sed E - VE) a dr? Bra E Me) 
LISE E) (rr) RE? sE BAN 
(Ge t) መሠሪ da LE 
The 6treorwise and ۳۵۵2۵2 volocity perturbations are 


= -ALEN E t JM’ BSAA ر ا‎ Erw) Su 


u 
7 
Ce EUH موس‎ 


$ ul د ورود پر ے‎ —— AS St — 
C 


D. 


EME We ሖ ښک مر‎ mg 


— 
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` B must be adjusted to satisfy the tangency condition. It is easiest 
' 

e do this nuserically in actucl computation. Fran these results, 
the pressure coefficient can be calculated as 





Im! 


Co = + di 1. vr 
2 3 


These caloulated values are given in Table XII and plotted in Fig. 16. 
G. Hypersonio Sinilarity 

Teien, (Ref. 8), has developed the similarity laws for hypersonic 
flows. An affined transformation which expands the flow field laterelly 
reduces the equations of the flows to a sinclo non=dimensional equation. 
If a series of bodies having the same thickness distribution bt different 
thickness ratio, $^, are put into flows of different Mach numbers M, 
suoh thet the products of My aná ۵ remains constant and equal to K, 
then the flow patterns aro similar in that thay aro governed by tho samne 
transformed velocity potential., 

For flow ever cones, Hayes, (Ref. 9), interpretation is the propa} 
gation of cylindricel weves from a wmifornly expanding olrouler cylinder. 
To solve the associated wave problem, it ig observed that the radial 
velocity v, the pressure p, &nd the density o ore functions of S = y/t 
only. That is, 
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The equations of equilibrium and eontinuity becane 
Y- SJ LE =- 1 H 
/፦.ፓ ey PPS 
وي کو ې‎ e 2e “J PE, 
Introducing the following chances of variable 


z K - o* a 
ሥሥ “ይ و‎ T hao S 






where ےه‎ is tho new independent verieble and "a" denotes the local 


velocity of sound, the equations above are transformed into 


ms Lr Krega- — 


4-7 
Ze 24-04 


Shen, (Ref. 10), solvos these basic equations by expanding the 
solution into a series near tho initial point end using e standard nume- 
erical integration theresfter. From these results, tho pressure retio 
at tho cone surface Pa/ P ean be obtained. Calling the come haifeencle 
Ó , vo 04 


к = м,Ө 











SiS -2 
sz x 


Go 
ቓ uA 


Keeping the similarity parameter :: oonstont will give the sano flow 





d 
x 


pattern. Time, a single curve of ول‎ ۲ vs K suffices for various slon= 
der conos in hypersonio flows. 

Using Shen's tabulated resulte o? K ve C, ” it is a simplo matter 
to expand to values of M and C, for various Os. These results are 
given in Table XVI and ere plotted in Fig. 21. 


For iypersonic flor over wodres Shen's proceduro gives 


E LE PY HR 


Utilising this equation, Table XIII of various values of сө 2 and K 
isovtained. These results ere exranded es before for valuce о? M and 
C. for various Os. These data are given in Tables XV, XV, and ZVI 


9 
and are plotted in Pigs. 18, 19, and 20. 
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CONC LISTONS 






The conclusions of prinoirel interest in the besie problem will 
result from the oorrelation of the experimental data with that caleu- 





lated from the various existing theories. Since in this report such 
correlation is not as yet possible recourse must be had to a compario 
son of the various theories themselves. 

Por thie purpose Pig. 22 has been plotted. This figure is a 
orogs-plot of Mach mmber versus surface preseure coefficient as 
enleulated by the various theories for the model wedce and cone, i.c., 
for a 20° total apex angle. From e study of this curve, the following 
conclusions may be dram: 

le The first order theory gives values which aro lower than 
those of tho exact or oblique shock theory throughout the entire Mach 
number range. The amount of deviation increases with the Mach mmber. 

2۰ The second order theory gives close agreonent with the 
exact theory at low Mach numbers (below M = 4), and is much closer 
than the firat order theory throughout the entire rango. 

3. The renge over which first and second order theories my 
bo used is limited ty the form of the equations. This range is deter- 
mined by the apex ancle. For the 20° oone, imaginary results are 
obtained above Mach number of 11.0 by the first order theory and above 


Maoh mmber of 5.7 by the second order theory. 





17 


4. At the higher Mach numbers (above 6) excellent agree- 
mont is obtained between the hypersonic similarity and exact solu» 
tions. 

The lift coefficients for the 20° wedge at 2° end 4° ancles of 
attack were calculated and plotted in Fig. 23. The seme pattern of 
deviations beween the exect and other thecries is found as with the 


pressure coefficients. 
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TABLE. I 


De u ٥٢‏ وي 


Wedge 
Oblique Shoot Theory 
0° Angle of Attack 
C 








р 
= $ 

እ! 59 10° 20° 509 40° 50° 60° 
2.0 ۰0716 ۰110 ۰2565 ۰455 8 

4.0 ۰024 .0558 ۰18551 ۰24255 ۰579 .581 8 
6.0 ۰0177  .046 106  .208 .,829 „484 6 
8.0 ۰0248 ۰۵525 ۰0959  .107 ۰5095 .465 3 
10.0 ۰0126 ۰0294 .0871 .1765 .802 .4515 4۵ 
12.0 .026 .0885 .172 .295 .443 8 





go 100 20° $09 409 50° 609‏ لا 

2۰0 бр up per 0133 9070 «192 «552 „556 . 94 
lower „104 .168 ۰820 838 800 

4.0 Co upper .0045 ۰.050 ۰100 ۰194 ۰524  .476 2 

lower „050 086 ۰170 3 0444 ۰.۰612 ۵ ۰6 

6.0 “5 upper .0028 6 0078 » „276 ه.‎ 0 ° 990 

lower e040 «068 „142 ፀር ة.‎ „55е . 742 

8.0 Co upper .0022 .018 .066 .144  .260 .5% 6 

lower ۵ 0 9052 ۰128 ۵ ۰6 95605 80 .720 

10.0 Co upper .0015 e912 .080 „140 „256 .590 „5560 

lower .026 ۰000 „120 ۰280 ۵ ۰0 ۰520 ۵ ۵ ۰0 

12.0 C» upper „0011 „012 000 „140 58 ۰:90 0م‎ 

lower ۵ 0 «050 „116 ° 250 SCO .520 „710 


2° Angle of Attack 
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TABLE II 


Wedge 
Oblique Shook Thecry 














— — — — —— መ 


—————— — — 
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Das 111 


Wedge 


Cblique Shock Theory 


4° Angle of Attack 





à 

M 50 109 209 30° 409 БОО 60° 

2.0 Un upper” 0025 „140 . 90 0470 .720 

lower 1% 4 «$90 608 

4.0 Co upper .0109 .072 ۰130 .270 „414 „578 
lower . 080 „116 e220 BA? » 506 9092 . 924 
6.0 C Upper 0069 e 052 e 124 ө 226 ° $60 ۰ 518 
H lower  .060 „02 IM  .304  .450 .590 0ه‎ 
8.0 C_ upper .0042  .044  .110 .212 .84 4 
P lower .050 .080 ‚170  .288  .428 .566 „800 
10.0 Co upper . 0040 .040 . 104 .206 e BEA . 486 
lower  .04 ,076 ۰180 .28  .420  .560 0۵ 
12.0 Co upper .0087  .040  .100 ۰206 ۰550 0 
lower .044 „076 ۰150 „280 „420  .556 „786 
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TARIR IV 


Cone 


Fxaot Theory (Kopal) 
00 Angle of Attack 





Cp 
8 

ሄ 10° 20° 30° 409 50° 60° 
2.0 ۰0540 1046 ۰.2026 ۰5240 ۰475 1 
4.0 ,0850 .0801 600 .2670 „32 ‚551 
6.0 0217 ۰ ۰0720 „15500 .2565 ۰575 ۵ ۰4 
8.0 «03186. .0676 „1445 ۰2550  ,505 4 
10.0 «03966. ,0669 1440 ,2520 .565 .9 
12,0 .0178 ۰0655 ۰1415 ۰2520 ۰565 09 








First Order Thoary 


| 09 Anglo of Attack: 











% 
| s 
۱ M 59 109 209 300 409 509 60° 
2.0 .0505 .WOS .8088 .5090 .4200 .5280 0 
4.€ .0225 Dän .0909  .1596  .1880 .2420 .2975 
6.0 ¿0168 .0295 .0596 .090€ „1232 .1500 8 
6.0 .O110  .02219  .0442  .0672  .0914 Um 0 
10.0 ¿0002 ¿0175 ۰0555 ۰55 .0752 .0959 0 


12.0 e0073 «01840 ¿0295 ¿0440  .0008 .0780 ۰ ۰ 
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ТАЗ, УТ 


Todgo 
First Order Theory 
2° Angle of Attack 








x 59 — 109 200 so? مه‎ o° воо 
8.0 C, upper 0  .0604 ۰1625 ۰2665 ۰8755 .4900 0 
lower .0905 .1420 .2455 .5550 .4670 .5080 .7220 
4.0 C_ upper  O  .0269 .0725 .1190 .1678 .2190 .2740 
P lower .0404 .0633 .1095 .1577 .2085 .2625 0 
6.0 C, upper 0 ۰0177 ۰0۵76 .0781 „1100 ۰1485 0 
lower .0265 .0416 .0728 .1085 .1863 .1723 .2115 
8.0 C. upper 0 .0231 .C354 .0500 .0876 .1066 .1385 
lower .0197 ۰0509 .0533 .0768 .1015 .1280 .1570 
10.0 C. upper 0 .0105 .0285 .0464 .0654 .085 .1070 
P lower .0158 .0247 .0426 .0615 .0815 .1025 .1259 
12.0 upper 0 .0087 .0235 .0388 .0544 .0709 .08€8 
lower .0131 ۰0205 ۰0555 .C511 .0675 .0852 .1045 
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1۸ 91۶ Vil 


Ledge 
Firgt Order Theory 
4° Angle of Attack 








3 

М 59 100 200 300 40 509  J 09 
2.0 C, upper -.0502 .0201 „1214 .2240 .5515 .4450 .6650 
4,0 C р upper = 0185 .0090 „0542 .1000 ‚1450 .1980 „2510 
lower 0583 ‚0816 „1288 .1775 .2295 .2855 5 
| 6,0 C, upper -.0009 .0059 „0356 ۰0656 .0970 „1500 „1650 
| lower ۰0505 .0356 ۰0044 .1165 .1508 .1675 „2290 
| 8.0 Cy upper -.0066 .0044 .0264 .0485 .0720 ۰0965 5 
lower .0286 .0898 .0626 „0855 .1118 .1591 .1695 

۱ 
0 Cp upper ۰.0055 ۰0055 ۰0212 ۰۵59 ۰۵577 ۰0772 0 
lower .0229 .0519 .0802 .0698 .0898 „1115 89 
12.0 Cp upper -.0044 ۰0029 ۰0176 ۰0524 ۰0479 .064? 5 
lower .0190 .0265 .0417 .0575 „0745 .0925 7 
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TASER VIII 


Cono 
First Order Theory 


09 Angle of Attack 








C 
A 
4 5° 10° 990 509 40° 590 609 
2.0 .0154 .059%4  .1148  .2056 .2952 .8720  .4400 
4.0 „009% ۰0868 .0668 .0980 .0952 „0646 
600 ° .0078 .0206 .0402 „05% 
8.0 0066 .0162 ۰0 
10.0 ۰0058  .0127  .0000 
12.0 .0081 08 











7 
TABIE IX 


۵٥ 
Second Order Theory 
0° Angle of Attack 

















Cp 
М 5° 10° 209° zo? 409 800 60° 
2.0 ۰0551  .10658 „2440  .4020 ‚5610 .7620 1.0000 
4.0 ‚0255 .0519 .1276  .2190 .3500 .4590 0 
6.0 .0170 ۰0871  .0960  .1721 .2651 .8775 7 
8.0 „0155 .0800  .0808 .1481 .2846 .3468 .4685 
10.0 0111  .0257  .0720  .15589 .2165 2 2 


12.0 ۰0096 .0229 ۰0660 ۰1287 .2045 .5108 „6165 











TABLE, X 
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Vedco 


Second Order Theory 
29 Angle of Attack 








۵ 
۷ 5° 1099 20° 50° 4° 50° 600 
| 

lower „0996 „1627  。50 .4717 .6600 .8695 1.1040 
4.0 C_ upper .0065 .0506 .0960 ۰1865 .2832 .4050 .5460 
lower „0480 „0811 ۰1815 .2614 .8795 .5161 .6720 
۱ lower .0340 ۰05985 ۰12386 .2069 6008 „4292 58 
8.0 upper .0022 „0165 .0586 ,3369 ۰1978 .29% .4118 
lower .0271 .0486 „1055 .1809 ۰2744 ۰5962 2 
| 30.0 C, upper .0018 .0158 .0515 ۰1075 ۰1820 ۰276 65 
lower ۰0۵52 „0424 ۵940 .1657 „2547 .5622 5 
12.0 C, upper .0015 .0121 .0468 .09M .1707 ۰2605 5 








29 
۱ TABIR XI 


Wodse 
۱ Second Order Theory 
6° Angle of Attack 





ee 





if مې‎ 109 200 soë 409 Sp 8۵ 
2.0 upper ۰.0292 .0205 .1369 ۰2752 .4557 .6220 5 
lower  .1497 .?115 .2685 . 5446 .7400 .9600 1.2010 
4.0 Cp upper -.0127 .0094 .0674 ‚1441 .2596 ,5555 .4875 
lower  .0742 .1112 „1990 ‚5070 .4816 .5760 „7588 
6.0 Cp upper ~.0081 ۰0065 .0487 .10% ۰1086 ۰2872 5 
| lower .0539 .0830 .1544 .745 .8841 ۰4015 86 
| 
| 8.0 upper e. 0058 20043 .0395 .0927 . 1640 .2551 «$632 
lower  .0441 .0692 .1530 .2168 .Si72 .4567 .5740 
10.0 Cy upper -.0045 .0089 .0542 ۰0850 .1499 ۰2550 5 
lower .0585 ۰.0616 .1206 .1995 .2952 .4099 .5422 
12.0 C_ upper -.0056 .00355 .0307 .0763 .1401 .2222 7 











e * M e А “ * z 
Seco Order A cory 

















8 305 § = 505 $ — so? $ =- 409 
C 站 sg 
M p M Co 2 Be % 
8.24 5 2.14 ۰ 0 1.80 .2270 1.70 ,5576 
7.08 Dm :.01 8 2,68 7 0.80  .$155 
ere 9 5.92 4 ۲.05 „2829 


8,48 — ¿0821 


5.70 — ¿0829 
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1 ZAIT 


ORO .-:- >= =ውኩ o9 ow ውጩ 








iiypersonic Sin city rereneters 
Wedge Cone (Ref. 8) 
x 65 * K C. 9 * 
.3 15.200 e DI 2.95 
E 11,220 e 2 9 
eu 7„ 290 Lec 2.85 
ef te 560 1.59 2.34 
e D 9.5390 2.10 2.26 
„6 a. 0 2.74 2.14 
„8 ت‎ 0 4.00 2240 
1.0 3.556 
1.5 2.99 
2.0 2.762 
5.0 2.762 
4.0 2.509 
5.0 2.40% 
6,0 2,446 


740 29 SE 
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808. 05*2፲ 





erte: ۰ ۲ gert: ott ۰ 9960۳ 09-0 1/005 ٢ 

619* 228  0፻5* oo 988 ott 661۴ ۸ TIT? 29۳5 ооо” ٨6 

088. 6679. - ፀፃ5" 6569 ۷62 S2'8 814° 09% ect: eg Geen: og 0010 SPIT 
۸98۰ 52*9 geg: ۶۰۵ SIT °S ez: ۶ EDT” 09% SIDO” 129 to: 6 
9[6። 655 809" 62") IM ZU 292° 66% got: 29۳5 0690° 25°F ` Stro: 9 
00*۲ 2913 ۰ 5991 5229 gg: Gig TH? wer ger: 22*2 و‎ 190۰ Gë eo: eg 
Al'l SA'1 854° 70 ws’ 02° 988" 8 ۲ 692” ۳ ፒ 69C0° 63° 6220” 05"52 
“o к Ba, a 5 پو‎ SÉ Ze fy” oe و وه‎ Eh i 

$ 009 $ 908 $ 90? 9 6፡5 $902 9 ¿OT ናዕ 


2ወ53ዓዣ 22 9፲5፡ሃ 0 
L£QTIGTTOTS oruocuedA] 
әЗрә:\ 





AX TIEVI 


— - —— 





55 
TABIE XV 


Wedge 
Hypersonio Similarity 
| 2° Angle of Attack 








598 100 $ 
и с, ጻ 96 لا‎ Ge #8 Co 
| 11.50 .00115 2.50 0 1.92 .041 1.68 .170 
3.80 .0830 3.85 ۰050 2.44 .120 
6.06 .0400 5.76 ۰028 ۰ 5.25 .096 
6.52 886 7.70 .017 4.06 .082 
7.60 .0282 9.60 .014 4.69 .071 
10.20 .0250 11.50 ۰015 6۰50 .060 
12.60 85 8.14 54 
12.20 5 











ሙሙ — 
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TABLE XV (continued) 


Wedge 
Hypersonic Sinilerity 
20 Angle of Attack 











209$ 509$ 

H ба, P4 Pr M ^n. 34 "ër 
2.15 5360 1.08 ۵ ۰9 2.16 85 1.96 45 
2۰04۵ 7 2.55 45 2.60 „251 2.62 «2574 
$.55 0 52952 „215 5.46 343 5۰825۵ ۵ 0 
4.26 .095 5۰70 „181 4.54 7 4.90 .291 
5.78 0 4.70 „161 6.50 5409 6.54% .259 
7.10 „071 7-06 ,356 8.65 .146 9.80 ۵ ۰ 
10.60 „060 9.40 „125 10.80 7 13.20 2565 


14.00 7 
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TABLE XV (continued, 


Wedge 
Hypersonic Similarity 
2% Anglo of Attack 























409 $ 509 $ 
M a =” 1 "59 H Dë, -=”> м "PL 
2.89 .422 1.98 4 1,08 .720 1.96 .928 
8.00 .975 2.47 .590 2.55 „640 2.94 „780 
4.58 7 5۰71 0 8.55 „540 5۰92 „721% 
5.96 5 4.95 556 4.70 „500 5.89 .694 
9,95 .276 7.42 .424 7.06 .€66 7.85 .654 
12.00 .265 9.90 .410 9.60 5455 9.80 .646 
12.50 „404 11.75 5 11.75 .640 
60° § 

M om N E 

1.88 1.010 2,40 1.170 

2.82 „850 5.20 1.080 

$.75 „786 4.80 1.010 

5.78 785 65 ፀፀጩ 

7,80- ,71: 8۰00 „964 

9.40 e 700 9,60 . 960 

11.20 „700 11.20 „952 
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TABIB XVI 


Wedge 


Hypersonic Similarity 


2.64 
3.55 


15.10 








4° Ancle of Attack 





9. 50 
12.60 





„197 
.159 
„15& 


.099 
„089 


4075 
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TABLE XVI (continued J 


Wedge 
Eypersonie Similarity 
4% Angle of Attack 











20% 5078 

M a, 2 0 Pr, id 0 р, М С рү 
1.90 5 2.01 4 2206 „248 2.52 ۰5 
2.86 ۰۵ 2.41 8۵ 2.58 0 2.91 ۵ 1 
5.80 .070 3.21 7 5:10 4355 4,36 656 
4.76 .059 4.01 .220 4.13 .155 5.80 9 
5.70 ۵ 6.01 .185 5.16 .188 8.70 ۵ ۵ ۰ 
7,00 „064 8,02 41 7۰71 .118 11.60 .298 
9.50 ۵ ۰0 12,00 0 10.60 0 
10.80 „055 
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۱ TABLES XV (continued ) 


Wedge 
Hypersonic Sinilority 
4? Angle of Attack 

















40% 50° § 
له‎ Cy и د‎ R ` Ge © fe 
2.09 4 2.25 5 2.08 ۰590 2.70 5 
2.79 0 5.57 5 2.60 .524 8.61 4۵ 
3.49 4۵ 4.50 0 3.90 .445 5.42 86 
5,21 .248 6.74 4 5.20 .408 7.22 5 
8.96 .229 9.00 „498 7.80 ,582 9.01 .760 
10.50 .214 11.20 .490 10.40 ۰870 10.80 86 
15.00 4 
8 

и бр, M P 

2.05 .045 2.22 7 

5.07 85 2,96 86 

4.10 0 4.46 1.18 

6.15 .616 5,92 4 

8.20 .598 7.40 1.12 

10.20 .589 8.90 1.11 

12.20 .580 10.70 1.11 
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TABIE لدد‎ 


Cy vB M 


66:8, ٢ 20% 














or 90 
H 0211 هو‎ First Second Hypersonic 
Shock Or dew Order Similitude 
2.0 01229 00790 „1102 .0907 
4.0 .0675 «0595 C654 .0750 
6.0 .0627 „0226 .0510 . 0653 
8,0 00599 ‚0171 e OMS 900287 
10.0 . 0580 „0144 00414 . 0556 
12.0 .0540 OlM% 0886 ¿0876 
c: 49 
لا‎ Oblique First 5060۸ 546 
Shock Order Order Similitude 
2.0 .2391 «1590 „2197 ۰:31 
4.0 01418 0714 „126$ «1457 
6.0 „1268 .0457 .1006 „1507 
8.0 «1211 . 055€ „©0892 « 1500 
10.0 «1156 .0276 .0856 .1551 
12.0 „1154 00228 «0778 .1282 
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